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(57) A method for generating and allocating code- 
words is provided. The method includes allocating one 
of two selectable codewords b1 and b2 as codeword b 
when a preceding codeword a and a following codeword 
b form a code stream X, in which codewords b1 and b2 
have opposite INVs which are parameters indicating 
whether the number of 'Is' contained in a codeword is 
an odd number or an even number and when the code 
stream of a and b1 is X1 , and the code stream of a and 
b2 is X2, allocating codewords such that the INVs of X1 
and X2 are maintained to be opposite when a or b1 (b2) 
should be replaced by another codewords in compli- 
ance with a predetermined boundary condition given be- 
tween codewords. According to the method, by using a 
short codeword having less bits as a main conversion 
codeword, high efficiency is achieved in recording den- 
sity. Also, when codewords which do not satisfy the run 
length conditions are replaced by other codewords, the 
codewords are allocated so that the DC suppression ca- 
pability of the code stream can be maintained, and 
therefore higher DC suppression capability of the code 
stream is provided. 
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Description 

[00011 The present invention relates to generation and allocation of modulation codes of source codes to be recorded 
on a recording medium, and more particular*, to a method for generating and '^^^^^^J^SSZ 
having a restricted run length are generated and the generated codewords are allocated so that the DC control char 
acteristic of a code stream is maintained. mQi „i„ 
[00021 In a Run Length Limited (RLL) code represented by (d, k, m, n), the performance of a code .s evaluated mainly 
based on the recording density and the capability to suppress the DC component of the code. Here, m denotes he 
number of data bits (the number of soiled source data bits, which is also referred to as the i ™™ber °f < nio ™* °" 
word bits) n denotes the number of codeword bits after modulation (the number of so-called channel bits), d denotes 
the minimum number of a series of "Os" that can exist between T and 'V in a codeword and k denotes the 
number of a series of "Os" that can exist between '1' and 'V in a codeword. The interval between bits in a codeword is 

[oSo3 S i en |n d a b mo T dulation method, to improve recording density it is used to reduce the number of codeword bits n while 
regarding d and m as given conditions. In the RLL code, however, d which is the minimum number of a ^senes of 0. 
that can exist between '1' and 'V in a codeword, and k which is the maximum number of a series of 0s that can exist 
between T and '1' in a codeword, should be satisfied. If, with this (d, k) condition satisfied, the number of data bits s 
m the number of codewords satisfying RLL(d, k) should be equal to or greater than 2-. Moreover, .n order to actually 
use this code, run length constraints, that is, RLL(d, k) conditions, should be satisfied in a part where a codeword s 
linked to another codeword. In addition, when the DC component of a code affects the system performance, rt is 
desirable to use a code which has a DC suppression capability. . . 

[0004] The main reason for suppressing the DC component in the RLL modulated code stream .s to ™n™ze a 
reproducing signal's affect on a servo band. Hereinafter, methods for suppressing the DC component will be referred 
to as Digital Sum Value (DSV) control methods. 

[00051 DSV control methods can be broadly classified into two types. One is a method having a DSV control code 
tself, where the DSV control code is capable of controlling a DSV. The other is a method of inserting a merge , brt at 
each DSV control time. An Eight to Fourteen Modulation plus (EFM+) code performs DSV control using a separate 
code table, while an EFM code or a (1 , 7) code performs DSV control by inserting a merge bit 
[00061 Therefore, the shape of the prior art modulation code group having the DSV control code .tself capable of 
controlling suppression of the DC component and satisfying the conditions described above is as shown .n Figure 1 , 
in which each of a predetermined number of main conversion code groups has a corresponding code group for con- 
trolling suppression of the DC component. Each main conversion code group and its corresponding code flW"P '"m 
a pair so that the DC component can be suppressed and controlled. In this case, there are some ch a;ac« that 
distinguish codewords of the predetermined main conversion code groups. That is, there are no identical codewords 
between the main conversion code groups A and B. If duplicated codes are used, there might be the conversion , code 
groups C and D for demodulating the duplicated codes, where there are no identical codewords between the conversion 
code groups C and D, but codewords in the code group A or B may be in the code group C or D for demodulating 
duplicated codes. The number of codewords in the main conversion code groups A and B and the conversion code 
groups C and D for demodulating duplicated codes is 2- if the number of bits in the source word before conversion is m. 
[00071 If code groups E through H are DC suppression control code groups used for suppressing DC components 
together with code groups A through D, respectively, the characteristics of codewords in each of the code groups E 
through H are the same as the characteristics of codewords in the main code groups A through D respectively. That 
is, the same conditions for generating duplicated codewords orthe same conditionsfor determining the number of lead 
zeros in a codeword are applied to each of the DC suppression control code groups E through H for controlling sup- 
pression of DC components and the conversion code groups A through D , nvm 
[00081 For example, the characteristics of the EFM+ code, which is used in current D.gital Versatile Discs ; (DVD) 
has a run length condition of RLL(2, 10) and a codeword length (n) of 16 bits, is as shown in F'9^e2.» 
conversion code groups are MCG1 ("A" in Figure 1) and MCG2 ("B» in Figure 1) and the converse code groups for 
demodulating duplicated codes are DCG1 (»C» in Figure 1) and DCG2 ("D" in Figure 2). There are four DSV code 
groups ("E~H" in Figure 1) which make pairs with respective conversion code groups to control f PP r ^ s ' on °' ' °? 
components. There are no identical codewords between the four conversion code groups and the four DSV code 
qroups which are code groups for controlling DC components. 

[0009] Also, the conditions for generating duplicated codewords in the entire code groups are the same and the 
characteristics of codewords in each code group pairthat can control DC components (MCG1 and the f.rsl .DSV code 
group, MCG2 and the second DSV code group, DCG1 and the third DSV code group, or DCG2 and the fourth DSV 

code group) are the same. o; cm 

r0010l That is a codeword having a continuous sequence of from 2 to 5 zeros from the Least Significant Bit (LSB) 
of the codeword is generated using duplicated codewords. This rule is applied to each code group in the same manner. 
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In each of the codewords of the first DSV code group for controlling suppression of DC components, which controls 
suppression of DC components together with the main conversion code group MCG1 , there is a continuous sequence 
of between 2 and 9 'Os' from the Most Significant Bit (MSB). In each of the codewords of the second DSV code group 
for controlling suppression of DC components, which controls suppression of DC components together with the main 

5 conversion code group MCG2, there is either 0 or 1 '0' continuing from the MSB. Some bits (here, b15(MSB) or b3) in 
the codewords of the third DSV code group for controlling suppression of DC components, which controls suppression 
of DC components together with the conversion code group DCG1 for demodulating duplicated codes are 'Ob', while 
some bits (here, b15(MSB) or b3) in the codewords of the fourth DSV code group for controlling suppression of DC 
components, which controls suppression of DC components together with the conversion code group DCG2 for de- 

10 modulating duplicated codes, some bits (here, b1 5(MSB) and b3) are '1 b M . In developing 8 to 1 5 modulation code which 
has an advantage in the recording density aspect compared to the prior art modulation method EFM+ which uses the 
modulation code group shown in Figure 1 or 2, the original characteristics of a code stream change when a change 
occurs in a codeword because of a boundary rule applied to the locations adjacent to a boundary which connects a 
codeword to another codeword. 

[0011] It is an aim of the present invention to provide a method for generating and allocating codewords in which a 
codeword having a run length restriction is generated and the codeword is allocated so that the original characteristics 
of a code stream are maintained without change even when a codeword is replaced according to the boundary rule 
when a code stream is allocated. 

[0012] According to a first aspect of the present invention there is provided a method for generating and allocating 
codewords of source words which are to be recorded on a recording medium, the method including generating code- 
words satisfying predetermined run length conditions and grouping codewords according to each run length condition; 
and allocating the codewords such that a code(word) for the source word is capable of controlling suppression of DC 
components. 

[0013] It is preferable that when a predetermined boundary condition is not satisfied in the code stream, allocating 
25 codewords such that codewords which satisfy the boundary condition and maintain the DC control characteristics which 
are considered when the initial codewords are allocated replace the initial codewords. 

[0014] It is preferable that the step for generating codewords includes generating codewords satisfying the length 
of a predetermined first codeword, and predetermined run length conditions, grouping the codewords according to 
each predetermined run length condition to generate a main conversion codeword table; generating DC control code- 
words satisfying the length of a predetermined second codeword, and predetermined run length conditions in order to 
control DC components in the code(word) stream, grouping the DC control codewords, and to generate a code con- 
version table for controlling DC components; and generating additional DC control codewords by taking codewords 
which satisfy the predetermined run length conditions and are not needed in the main conversion codeword table, and 
grouping the additional DC control codewords. 

[0015] According to a second aspect of the present invention there is provided an allocation method for allocating 
codewords generated for source words to be recording on a recording medium, the method including when a preceding 
codeword a and a following codeword b form a code stream X, allocating one of two selectable codewords b1 and b2 
as codeword b, in which codewords b1 and b2 have opposite INVs which are parameters indicating whether the number 
of '1s' contained in a codeword is an odd number or an even number and when the code stream of a and b1 is X1 , 
and the code stream of a and b2 is X2, allocating codewords such that the INVs of X1 and X2 are maintained to be 
opposite when a or b1(b2) should be replaced by another codewords in compliance with a predetermined boundary 
condition given between codewords. 

[0016] It is preferable that when the predetermined boundary condition is that the number of continuous '0s' between 
codewords should be at least 2, and when the number of continuous 'Os' from the Least Significant Bit (LSB) of the 
codeword a in the Most Significant Bit (MSB) direction is 0, and the number of continuous '0s' from the MSB of the 
codewords b1 or b2 in the LSB direction is 1, code changes of either the codeword a or b1(b2) occur to satisfy the 
boundary condition. 

[001 7] It is preferable that when the number of continuous 'Os' between the codewords a and b is 1 or 0, the codeword 
a or b is changed such that the number of 0s forming the boundary is greater than 2 and less than 1 0. 
so [0018] It is preferable that the codeword a of the code stream X1 and the codeword a of the code stream X2 are 
changed to other codewords such that the resulting codewords a of code streams X1 and X2 have the same INV value, 
and as a result, by the INVs of codewords b1 and b2 following the codewords a respectively, the INVs of the X1 and 
X2 become different. 

[0019] According to a third aspect of the present invention there is provided an allocation method for allocating 
codewords of source words to be recording on a recording medium, the method including when a preceding codeword 
b and a following codeword c form a code stream Y, allocating one of two selectable codewords b1 and b2 as the 
codeword b, wherein codewords b1 and b2 have opposite INVs which are parameters indicating whether the number 
of '1 s' contained in a codeword is an odd number or an even number and when the code stream of b1 and c is Y1 , and 
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the code stream of b2 and c is Y2, allocating codewords such that INVs of Y1 and Y2 are maintained to be opposite 
when the codeword b1 , b2 or c should be replaced by another codeword in compliance with a predetermined boundary 
condition between codewords. 

[0020] It is preferable that when the predetermined boundary condition is that the number of continuous 'Os between 
codewords should be at least 2, and when the number of continuous 'Os from the Least Significant Bit (LSB) of the 
codeword c toward the Most Significant Bit (MSB) is 1 , codeword b which does not satisfy the boundary condition and 
is xxxxxxxxxxxl 001 or xxxxxxxxxx 10001 appears in both b1 an b2. 

[0021] For a better understanding of the invention, and to show how embodiments of the same may be earned into 
effect, reference will now be made, by way of example, to the accompanying diagrammatic drawings in which: 

Figure 1 is a diagram of an example of the shape of a prior art modulation code group; 

Figure 2 is a table showing the prior art code group and the characteristics of codewords included in the code group; 

15 Figure 3 is a flowchart showing a method for generating and allocating codes according to the present invention; 

Figure 4 is a table showing a variety of codeword groups of main conversion tables and the characteristics of 
codewords in each codeword group; 

20 Figure 5 is a table showing a variety of codeword groups of a conversion table for DC control and the characteristics 

of codewords in each codeword group; 

Figure 6 is a table showing a variety of codeword groups of an auxiliary conversion table for DC control and the 
characteristics of codewords in each codeword group; 

25 

Figure 7 is a diagram for showing what should be considered for the run length conditions when codewords a and 
b are connected; 

Figure 8 is a table showing an example of changes in INV before code conversion and after code conversion when 
30 the run length conditions described in Figure 7 are not satisfied; 

Figure 9 is a diagram showing an example of code stream branching due to selective codewords b1 and b2 for 
DC control; 

35 Figure 10 is a graph showing the relationship between INV values of a code stream pair; 

Figures 11a through 11 e are main conversion code according to the present invention; 
Figures 12a through 12j are code conversion tables for DC control according to the present invention; 

40 

Figures 13a and 13b are auxiliary code conversion tables for DC control according to the present invention; and 

[0022] Figure 14 is a graph showing the difference between the frequency spectrum when codewords of the code 
conversion table for DC control according to the present invention are used in 25% of all of the codewords, and the 

45 frequency spectrum when prior art EFM+ modulation codewords are used. 

[0023] Figure 3 is a flowchart showing a method for generating and allocating codes according to a preferred em- 
bodiment of the present invention. According to the method for generating and allocating codewords of source words 
to be recorded on a recording medium, codewords satisfying predetermined run length conditions are generated and 
the generated codewords are grouped according to each run length condition in step 300. The codewords are allocated 

so so that the code(word) streams for source words are capable of controlling DC components in step 31 0. It is determined 
whether or not predetermined boundary conditions are satisfied in the code stream in step 320. If the conditions are 
not satisfied, the codewords are replaced by codewords satisfying the boundary conditions while the DC control char- 
acteristics which are considered when the original codewords are allocated can be kept. 

[0024] Code tables of the codewords for source code conversion are roughly divided into three types: 1 ) main con- 
55 version tables, 2) conversion tables for controlling DC components, and 3) auxiliary conversion tables for controlling 
DC components. 

[0025] Figure 4 is a table showing a variety of codeword groups of main conversion tables and the characteristics 
of codewords in each code group. It is assumed that d denotes the minimum run length limit of a codeword, k denotes 
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the maximum run length limit of a codeword, m denotes the number of bits of source data, n denotes the number of 
bits of a codeword after modulation, End Zero (E2) denotes the number of 'Os' in a continuous sequence from the LSB 
of a codeword in a direction toward the MSB of the codeword, and LZ denotes the number of 'Os' in a continuous 
sequence from the MSB of a codeword in a direction toward the LSB of the codeword. For example, codewords that 
s satisfy d=0, k=10, m=8, n=1 5, 0<EZ<8 are divided according to the following LZ conditions: 

1) number of codewords satisfying 2<LZ<10: 177 

2) number of codewords satisfying 1<LZ<9: 257 

3) number of codewords satisfying 0<LZ<6: 360 
*o 4) number of codewords satisfying 0<LZ<2: 262 

[0026] If the number of bits of source data satisfies m=8, the number of codewords for conversion should be 256 or 
more. However, in condition 1 ), the number of codewords does not amount to 256. Therefore, the number of codewords 
in condition 1) can amount to 256 by taking some codewords from a condition having surplus number of codewords. 
In this case, 83 codewords from the codewords satisfying group 3)'s LZ condition may be taken and added to group 
1). Then, the numbers of codewords included in conditions 1) through 4) are 260, 257, 277(=360-83), and 262, respec- 
tively, and satisfy the minimum number of modulation codewords, that is, 256 for 8-bit source data. In the table of 
Figure 4, Main Code Group 1 (MCG1) is the name of a code group containing codewords satisfying condition 1 ) and 
some (83) codewords are taken from codewords satisfying condition 3). MCG2 and MCG4 are the names of codewords 
satisfying condition 2), and 4), respectively. MCG3 is the name of codewords satisfying condition 3), excluding the 83 
codewords taken by MCG1 . In each of the main code groups MCG1 through MCG4, only 256 codewords' can be used 
as conversion codes for source codes. 

[0027] Figure 5 is a table showing a variety of codeword groups of a conversion table for DC control and the char- 
acteristics of codewords in each codeword group. For example, assuming that d=2, k=10, m=8, n=17, and 0<EZ<8, 
conversion code tables for controlling DC components may include the following 4 groups (corresponding to DCG1 ' 
DCG2, DCG3, and DCG4 of Figure 5, respectively) according to the LZ conditions: 
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1) number of codewords satisfying 2<LZ<10: 375 

2) number of codewords satisfying 1<LZ<9: 546 
30 1 ) number of codewords satisfying 0<LZ<6: 763 

1) number of codewords satisfying 0<LZ<2: 556 

[0028] Each group forming a conversion table for controlling DC components should have at least 2 codewords that 
selectively correspond to one source data, and therefore should have at least 51 2 (= 2 8 +2 8 ) codewords for 8-bit source 
data. Since the number of codewords in the code group satisfying the LZ condition 1) is less than 512, code group 1) 
can take surplus codewords from other code groups satisfying other LZ conditions to amount to the number of 512. 
For example : in the above embodiment, code group 1) may take 1 77 codewords from the code group satisfying the 
condition 3) so as to have 552 (=375 + 177) codewords. 

[0029] Figure 6 is a table showing a variety of codeword groups of an auxiliary conversion table for DC control and 
the characteristics of codewords in each code group. For example, among codewords satisfying d=2, k=10, m=8, and 
n=15, codewords satisfying 9<EZ<10, the remaining codewords of the main code conversion groups (MCGs),' and 
codewords satisfying LZ=7, 8 or LZ=4, 5 are used as codewords of auxiliary code groups (ACGs) for controlling sup- 
pression of DC components. The conditions for generating these codewords will now be explained in detail. The fol- 
lowing conditions correspond to ACG1 through ACG4, respectively, which are names of the auxiliary conversion tables 
*s for controlling suppression of DC components: 

1) 5 codewords (satisfying 9<EZ<10 and LZ*0) + the remaining 4 codewords (in the MCG1) = 9 codewords, 

2) 5 codewords (satisfying 9<EZ<1 0 and LZ*0) + 1 remaining codewords (in the MCG1 ) = 6 codewords, 

3) 5 codewords (satisfying 9<EZ<1 0 and LZ*1) + 1 5 codewords (satisfying 7<LZ<8 and 0<EZ<8 )= 41 codewords, 
50 the remaining 4 codewords in the MCG1 = 9 codewords, 

4) 7 codewords (satisfying 9<EZ<1 0 + the remaining 6 codewords in the MCG4) + 85 codewords (satisfying 3<LZ<5 
and 0<EZ<8) = 98 codewords. 

[0030] When codeword a and codeword b are connected, the junction where the two codewords are connected 
55 should satisfy a run length (d, k) condition. Figure 7 is a diagram showing what should be considered for the run length 
conditions when codewords a and b are connected. Satisfying the run length condition means that in Figure 7 a value 
obtained by adding the end zero (EZ_a) of codeword a and the lead zero (LZ_b) of codeword b is equal to or greater 
than the minimum run length d and equal to or less than the maximum run length k. 
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r0031l Figure 8 is a table showing an example of changes in INV (whose meaning will be described below) before 
code Inve'Sn and after code conversion when the run length conditions described in Figure 7 . are not utartsd 
Codeword b is determined in a group indicated by the EZ of the preceding codeword, codeword a. When a or b is 
fncSd fn a code gmup which ooes'not have enough codewords to meet the condition and takes codewords from 
othe code groups, L (d, k) condition may not be satisfied. In this example, the EZ of codeword a ch » «£V 
Z length condition, which is referred to as the boundary ru.e. Variab.e INV which indicates whether the -umber 
ofMs'inacodeword stream is an even number oran odd number may change from the previous 

adidnnchangeCuncleaO.accordingtotheboundaryrule.Duetothischaracteristic.attent.onshouldbepa.dtoallocat.on 
of a codeword between code conversion tables capable of controlling suppression of DC components. 
[0032] Figure 9 is a diagram showing an example of code stream branching due to selective codewords bl and b2 
or DC cont'd. One of the major features of the code conversion of the present invention ,s *af hecodewo^^ ^ of two 
code conversion tables that can be selected for DC control are allocated so that they have opposite INV charactenst.es. 
T*nZp™2l INV changes according to the boundary rule as described above, if the INV. of 
the two code conversion tables that can be selected change, then there will be no problem. Otherwise, 
of codewords having opposite INV cannot be maintained. For this reason, a code conversion table .s designed con- 

F^inTof Figure 9. that is, at the junction where the codeword a and the codeword bare connected to 
each other, if b1 and b2, which can be selected as codeword b, are codewords ,n DCG11 and DCG12 ^P«*™W 
which are egrouped in the code conversion table DCG1 shown in Figure 5 after separating codewords which corre- 
r P ondtotheTme^ou^ 

then codewords in which LZ b1 (the number of LZs of codeword b1) and LZ_b2 (the number of LZs of codeword b2) 
s 1 a" alcatel on the .ocation By doing so, when the EZ of the codeword a is -or, according to the boundary rule 
he INV of codeword a changes in both the code stream containing the codeword b1 and the c ^ strea ^ 
he codeword b2, or the INV of codeword a does not change in efther the code stream containing " e ~<^^ ° r 

thecode stream containing the codeword b2, such that the INVsofthe two code streams are maintained to be opposite. 

An example is as follows: 

source data 250 224 27 

code streaml (before conversion) 000001000010001 (MCG3) 

000001000001001 (MCG1) 010010010000000 (MCG1) 

code streaml (after conversion) 000001000010001 

000001000001000 010010010000000 

INV1 1 1 0 

code stream2 (before conversion) 000001000010001 (MCG3) 

000001000001001 (MCG1) 010010000000000 (ACG1) 

code stream2 (after conversion) 000001000010001 

000001000001000 010010000000000 

INV2 1 1 1 

r0O341 Next in B of Figure 9, that is, atthe junction where codeword b and codeword c are connected to each other, 
Kwords b and b2 are respecuve.y included in code conversion tables DCG11 and DCG12, DCG21 and I DCG22 
DCGsTand DCG32, DCG41 and DCG42, MCG1 and ACG1, MCG2 and ACG2, MCG3 and ACG3, or MCG4 and 
ACG4, and (xx)xxxxxxxxxxx1001 or (xx)xxxxxxxxxxl 0001 , INV may change according to the b 0 ""^^"^^ 
LZ of the following codeword c. Therefore, these codewords bland b2 are allocated to the location for corresponding 
same sou rce data in each table such that the INVs of the two code streams are maintained to be opposite. An example 
is as follows: 
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source data 250 152 210 

code streaml (before conversion) 000001000010001 (MCG3 ) 

01000000010001001 (DCG11) 0000001000 00001 (MCG1) 

code streaml (after conversion) 000001000010000 

0100000 0 010001001 0 00 00 010 000 00 01 

INV1 0 0 0 

code stream2 (before conversion) 000001000010001 (MCG3 ) 

01001000010 0 01001 (DCG12) 010 0000010 010 01 (MCG1) 

codes tream2 (after conversion) 0000010000100000 

01001000010001001 010000001001001 

INV2 0 1 1 



[0035] For the junctions A and B of Figure 9, the codewords are first allocated to the location corresponding same 
source data in each code conversion table (DCG11 and DCG12 or MCG1 and ACG1) considering above. Referring to 
25 the following example, in point B, according to the boundary rule, the INVs of code streaml and code stream2 are 
maintained to be opposite and the INVs of code stream3 and code stream4 are maintained to be opposite. Also : at 
point B, according to the boundary rule, the INVs of code streaml and code stream3 are maintained to be opposite 
and the INVs of code stream2 and code stream4 are maintained to be opposite. 



source data 250 152 7 

code streaml (before conversion) 000001000010001 (MCG3) 

01000000010001001 (DCG11) 010000010010001 (MCG1) 

code streaml (after conversion) 000001000010000 

01000000010 001000 0100000100100 01 

INV1 0 11 
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code stream2 (before conversion) 000001000010001 (MCG3) 

01000000010001001 (DCG11) 010010010010001 (ACG1) 
code stream2 (after conversion) 0000010000100000 
01000 000 0100010 00 010010010 0100 01 

10 INV2 0 10 

code stream3 (before conversion) 000001000010001 (MCG3 ) 

01001000010001001 (DCG12) 01000 00100100 01 (MCG1) 

is code stream3 (after conversion) 000001000010000 

010010000100010 00 0100 000100100 01 

INV3 0 0 0 

20 code stream4 (before conversion) 000001000010001 (MCG3) 

01001000010001001 (DCG12) 010010010 010 001 (ACG1) 
code stream4 (after conversion) 0000010000100000 

25 010010 00010001000 010 010010010001 

INV4 0 0 1 

30 [0036] As described above, considering changes in the INV of a codeword due to the boundary rule in a codeword 
stream, codewords are allocated so that the INV polarities of a codeword pair after modulation is always be maintained 
to be opposite. Figure 1 0 is a graph showing the relationship of INV values of this code stream pair. If codewords are 
allocated such that the INV values of a code stream pair are always opposite, a codeword can be selected so that a 
code stream which is DC components between the code stream pair is formed. 

35 [0037] Exceptions to the rule that INV values are maintained to be opposite at point A of Figure 9 may occur when 
source data is from 251 to 255 in the code conversion table for controlling DC components. In such exceptional cases, 
the CSV signs of codewords are made to be opposite so that the difference between DSV values in the code stream 
pair is made. 

[0038] Figures 11a through 11 e are main conversion code tables in which codewords are generated and allocated 
to considering conditions described above. 

[0039] Figures 12a through 12j are code conversion tables for DC control in which codewords are generated and 
allocated considering conditions described above. 

[0040] Figures 13a and 13b are auxiliary code conversion tables for DC control in which codewords are generated 
and allocated considering conditions described above. 

45 [0041] Figure 14 is a graph showing the difference between the frequency spectrum when codewords of the code 
conversion table for DC control according to the present invention are used in 25% of all of the codewords, and the 
frequency spectrum when prior art EFM+ modulation codewords are used. The graph shows that in a low frequency 
band, the frequency spectrum of the modulated code stream according to the present invention is almost the same as 
the frequency spectrum of the EFM+, which indicates that the code stream of the present invention has almost the 

50 same capability of suppressing DC components as that of the EFM+ method. 

[0042] Accordingly, since the present invention uses 15-bit codes as the main conversion code and selectively uses 
1 7-bit DC control codes for controlling DC components, the present invention has better efficiency in recording density 
than the prior art EFM+ code and has the same DC suppression capability as the EFM+ code. 
[0043] In the present invention, by using a short codeword having less bits as a main conversion codeword, high 

55 efficiency is achieved in recording density. 

[0044] Also, when codewords which do not satisfy the run length conditions are replaced by other codewords, the 
codewords are allocated so that the DC suppression capability of the code stream can be maintained, and therefore 
higher DC suppression capability of the code stream is provided. 
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[0045] The reader's attention is directed to all papers and documents which are filed concurrently with or previous 
to this specification in connection with this application and which are open to public inspection with this specification, 
and the contents of all such papers and documents are incorporated herein by reference. 

[0046] All of the features disclosed in this specification (including any accompanying claims, abstract and drawings), 
5 and/or all of the steps of any method or process so disclosed, may be combined in any combination, except combina- 
tions where at least some of such features and/or steps are mutually exclusive. 

[0047] Each feature disclosed in this specification (including any accompanying claims, abstract and drawings), may 
be replaced by alternative features serving the same, equivalent or similar purpose, unless expressly stated otherwise. 
Thus, unless expressly stated otherwise, each feature disclosed is one example only of a generic series of equivalent 
to or similar features. 

[0048] The invention is not restricted to the details of the foregoing embodiment(s). The invention extends to any 
novel one, or any novel combination, of the features disclosed in this specification (including any accompanying claims, 
abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process so 
disclosed. 

15 

Claims 

1. A method for generating and allocating codewords of source words which are to be recorded on a recording me- 
20 dium, the method comprising: 

generating codewords satisfying predetermined run length conditions and grouping codewords according to 
each run length condition; and 

25 allocating the codewords such that a codeword for the source word is capable of controlling suppression of 

DC components. 

2. The method of claim 1 , further comprising: 

30 when a predetermined boundary condition is not satisfied in the code stream, allocating codewords such that 

codewords which satisfy the boundary condition and maintain the DC control characteristics which are con- 
sidered when the initial codewords are allocated replace the initial codewords. 



35 



40 



45 



55 



3. The method of claim 1 or 2, wherein in order to make code streams capable of controlling suppression of DC 
components allocating codewords such that a pair of codeword streams having opposite INV characteristics are 
made selectable, where INV indicates whether the number of '1s' is an odd number or an even number. 

4. The method of claim 1 , 2 or 3, wherein the step for generating codewords comprises: 

generating codewords satisfying the length of a predetermined first codeword, and predetermined run length 
conditions, grouping the codewords according to each predetermined run length condition to generate a main 
conversion codeword table; 

generating DC control codewords satisfying the length of a predetermined second codeword, and predeter- 
mined run length conditions in order to control DC components in the code(word) stream, grouping the DC 
control codewords, and to generate a code conversion table for controlling DC components; and 



generating additional DC control codewords by taking codewords which satisfy the predetermined run length 
conditions and are not needed in the main conversion codeword table, and grouping the additional DC control 
50 codewords. 

5. The method of claim 4, wherein when the bit length of the source word is 8, the length of a codeword in the main 
conversion code table is 15 bits. 



6. The method of claim 5, wherein the main conversion code table contains groups of codewords, the groups formed 
of a group of codewords each having from 2 to 10 Lead Zeros (LZs), a group of codewords each having from 1 o 
9 LZs, a group of codewords each having from 1 to 6 LZs, and a group of codewords each having from 0 to 2 LZs, 
while having from 0 to 8 End Zeros (EZs). 
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7. The method of claim 6, wherein among the groups of the main conversion code table, a group having a lesser 
number of codewords than the minimum number of codewords for converting the source data takes surplus code- 
words from a group having a greater number of codewords than the minimum number of codewords so as to 
amount to the minimum number of codewords. 

8. The method of claim 5, wherein the length of the codewords of the DC control conversion code table is 1 7 bits. 

9. The method of claim 8, wherein the DC control conversion code table contains groups of codewords, the groups 
formed of a group of codewords of which LZ is from 2 and to 10, a group of codewords of which LZ is from 1 to 9, 
a group of codewords of which LZ is from 0 to 6, and a group of codewords of which LZ is from 0 to 2, while EZ is 
from 0 to 8. 

10. The method of claim 9, wherein each code group of the DC control conversion table has as much codewords as 
a source word can correspond to pairs of codewords, each pair of codewords has opposite INV characteristics 
and is selectable. 

11. The method of claim 10, wherein among the groups of the DC control conversion code table, a group having a 
lesser number of codewords than the minimum number of needed codewords takes surplus codewords from a 
group having a greater number of codewords than the minimum number of codewords, so as to have equal to or 
greater than the minimum number of codewords. 

12. The method of claim 8, wherein the auxiliary DC control conversion table having a group of codewords, each 
having a length of 15 bits, having from 9 to 1 0 EZs, and having at least one LZ, and codewords which are taken 
from surplus codewords of the first main conversion code group; 

a group of codewords, each having a length of 15 bits, having from 9 to 10 EZs, and having at least one LZ, 
and codewords which are taken from surplus codewords of the second main conversion code group; 

a group of codewords, each having a length of 15 bits, having from 9 to 10 EZs, and having no LZ, the surplus 
codewords of the third main conversion code group, and having 7 to 8 LZs, or having 0 to 8 EZs; 

a group of codewords, each having a length of 15 bits, and having 9 or 10 EZs, the surplus codewords of the 
fourth main conversion code group, and having 3 to 8 LZs and 0 to 8 EZs. 

13. The method of claim 12, wherein when the code stream pairs are a, b1 , c and a, b2, c, respectively, and b1 and 
b2 are DC control codewords having opposite INV characteristics, codewords are allocated such that the INV 
characteristics of code streams after conversion are maintained to be opposite even if code changes of a, b1 , b2, 
or c occur due to violation of the predetermined run length between a, and b1 (b2) or b1 (b2) and c. 

14. An allocation method for allocating codewords generated for source words to be recording on a recording medium, 
the method comprising: 

when a preceding codeword a and a following codeword b form a code stream X, allocating one of two se- 
lectable codewords b1 and b2 as codeword b, wherein codewords b1 and b2 have opposite INVs which are 
parameters indicating whetherthe number of '1 s' contained in a codeword is an odd number or an even number; 
and 

when the code stream of a and b1 is X1 , and the code stream of a and b2 is X2, allocating codewords such 
that the INVs of X1 and X2 are maintained to be opposite when a or b1(b2) should be replaced by another 
codewords in compliance with a predetermined boundary condition given between codewords. 

15. The method of claim 14, wherein when the predetermined boundary condition is that the number of continuous 
'0s* between codewords should be at least 2, and when the number of continuous '0s' from the Least Significant 
Bit (LSB) of the codeword a in the Most Significant Bit (MSB) direction is 0, and the number of continuous '0s' from 
the MSB of the codewords b1 or b2 in the LSB direction is 1 , code changes of either the codeword a or b1 (b2) 
occur to satisfy the boundary condition. 

16. The method of claim 14, wherein when the number of continuous '0s* between the codewords a and b is 1 or 0, 
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the codeword a or b is changed such that the number of Os forming the boundary is greater than 2 and less than 1 0 . 

17. The method of claim 16, wherein the codeword a ot the code stream X1 and the codeword a of the code stream 
X2 are changed to other codewords such that the resulting codewords a of code streams X1 and X2 have the 

5 same INV value, and as a result, by the INVs of codewords b1 and b2 following the codewords a respectively, the 

INVs of the X1 and X2 become different. 

18. An allocation method for allocating codewords of source words to be recording on a recording medium, the method 
comprising: 

10 

when a preceding codeword b and a following codeword c form a code stream Y, allocating one of two se- 
lectable codewords b1 and b2 as the codeword b, wherein codewords b1 and b2 have opposite INVs which 
are parameters indicating whether the number of '1s' contained in a codeword is an odd number or an even 
number; and 

15 

when the code stream of b1 and c is Y1 , and the code stream of b2 and c is Y2, allocating codewords such 
that INVs of Y1 and Y2 are maintained to be opposite when the codeword b1 , b2 or c should be replaced by 
another codeword in compliance with a predetermined boundary condition between codewords. 

20 19. The method of claim 18, wherein when the predetermined boundary condition is that the number of continuous 
'Os' between codewords should be at least 2, and when the number of continuous 'Os' from the Least Significant 
Bit (LSB) of the codeword c toward the Most Significant Bit (MSB) is 1 , codeword b which does not satisfy the 
boundary condition and is xxxxxxxxxxx1001 or xxxxxxxxxx 10001 appears in both b1 and b2. 

25 20. The method of claim 1 8, wherein when the number of continuous 'Os' between the codewords a and b is 1 or 0, 
the codeword a or b is changed such that the number 0s forming the boundary is greater than 2 and less than 1 o! 
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